Clostridium species have been reported as one of the most common groups of bacteria that produce biobutanol. The Study was aimed at isolation of Clostridium species from the soil environment in Keffi Metropolis and screening for their ability to produce biobutanol. Ten different location soil samples were collected within keffi Metropolis. Nutrient Blood agar was used for the isolation of the Clostridium species. biobutanol production was carried out using Clostridial isolates and Lucas test was used to detect biobutanol production Clostridium isolates after fermentation. The results show that six (6) species of Clostridial were isolated with a percentage frequency of Clostridium difficile (30%), Clostridium botulinum (10%), Clostridium cylindrosporum (20%), Clostridium perfringens (10%), Clostridium acetobutylicum (20%) and Clostridium celerecrescens (10%). The result further revealed that all the six (6) isolates were found to be able to produce biobutanol. Biobutanol is an industrial organic chemical that can place fossil fuel if harnessed and production of Biobutanol using Clostridium in large quantity can be alternative to fossil fuel.
INTRODUCTION
For centuries wastes has been released into our environment by activities human [1] . The build-up of wastes both in concentrated form as refuse and its haphazard form as litters is of evergrowing concern. Studies on the use of wastes for biofuel production have been reported by many researchers [2, 3, 4, 5] .
Biobutanol production by fermentation has been practised commercially for over a century [6] . In addition to other important uses, butanol has been recently recognised as a commercially viable biofuel. Butanol (butyl alcohol or 1-butanol) or biobutanol if it is produced through the biological process is primary alcohol of four carbon having C 4 H 9 OH molecular formula. It is a known fact that up to 10 -12 billion pounds of biobutanol are produced annually [7] , which amount 7 -8.4 dollar market expansion of 3% a year [8] .
Biobutanol is reflected as a promising product of biomass fermentations for prospective industrial use as a solvent, feedstock biochemical, and mainly liquid fuel [9] . There is a lot of plant biomass existing as lowvalue agricultural produce or wastes needed good disposal to shun pollution harms. The ample inexpensive renewable means as feedstock for fermentation have resulted in a renewed interest in the fermentation of n-butanol.
Initial large-scale production of biobutanol was centered on fermentation by Clostridium acetobutylicum which break down starch, and produces mostly butanol and acetone [10] . 
MATERIALS AND METHODS

Study Area
This study was carried out in Keffi Local Government Area (LGA), Nasarawa State, Nigeria. Keffi is approximately 68 km away from the Federal Capital Territory (FCT), Abuja and 128km away from Lafia, the capital town of Nasarawa State. The location Keffi is at longitude 8º5'E along the Greenwich Meridian and at the equator and situated on longitude 850 m above sea level [11] .
Sample Collection
Ten (10) soil samples were randomly collected (at the topsoil) from ten different locations of Keffi metropolis such as Angwan Lambu, Angwan Jaba, Angwan Woje, Dadin Kowa, G. R. A., High Court, Kofar Hausa, Main Campus, Yelwa and Market, using a clean hand trowel and stored using disposable black polythene bags and transported immediately to the Microbiology Laboratory, Nasarawa State University, Keffi for analysis.
Isolation of Clostridium species
The isolation of Clostridium species from the ten different locations in Keffi metropolis was carried out as described by [12] . Using this method, 1.0 g of the soil sample was suspended in 9.0 ml of sterile distilled water and 10-fold dilutions were made and 0.1 ml of the aliquot was placed on Petri dishes and freshly prepared nutrient agar and blood agar were poured on the aliquot and then incubated in an anaerobic jar at 35ºC for 48 hours. 
Identification of Clostridium species
Preparation of potato starch substrates
Potato tubes were collected cut into smaller sizes, sun-dried and grinded into powder form using clean grinding machine and sieve. Five hundred gram (500 g) powder form was added into 5 litres of distilled water and sieved to form a homogenous mixture and placed at 4ºC for 24 hours. The starch was allowed to settle and water was discarded. The starch was then dried in an oven at 60ºC, 12 hours. 25 g/l of starch solution was prepared and sterilized using autoclave at 5.0 lbs (115ºC) for 5 min. To dissolve the starch, alpha-amylase (2.0 μ/ml) was added and animated at 95ºC in a water bath for 15 min. For saccharification, amyloglucosidase (2.0 μ/ml) was added and heated at 55ºC with constant stirring for about 4 hours [14] .
Fermentation
The batch fermentation was carried out as described by [14] . The 100 ml from the starter culture was inoculated in 900 ml of fermentation media (potato starch) as described by [15] under strict anaerobic and sterile conditions at 35ºC for 72 hours.
Screening for biobutanol-producing
Clostridium species
The determination of biobutanol-producing isolates using Lucas' test was carried out as described by [16] . In this test, 5 mL of Lucas' reagent at room temperature was added to 1 mL of the fermentation broth in a test tube. The tube was stoppered, shaken vigorously, and then the mixture was allowed to stand. The solution remained colourless indicating a positive test for biobutanol production.
Extraction and purification of solvents from fermentation broth
Extraction and purification of solvents from the fermentation broth were carried out using a modification of the method described by [17] . In this method, Clostridium species were used in the fermentor. The extracting solvent was an alkylate which was substantially free from impurities and had a boiling range of 50º -150ºC. The tool used in carrying out this process included a normal fermentor receiving fermentation broth including a carbon source and microorganisms at a feed stream which are agitated and preserved at the desired fermentation temperature. The butanol-containing broth was drained through a first stream discharging into the upper end of an extraction column where it flowed downwardly through the extractor. A second stream discharge a light alkylate into the base of the column rising countercurrent movement to the downward flow of the broth. The light alkylates passes from an alkylate source stream, separated in a splitter with the light end boiling in the range of 50º-150ºC.
The extracted broth freed from the butanol was recycled through a stream back to the fermentor where its remaining nutrients and microorganisms were utilized to enrich the feed stream. The butanol containing alkylate extract was discharged through a stream at the top of the extractor to flow through a dryer (a desiccator), in order to purify it and remove any excess water content. The extraction was carried out at a steady state with a solvent feed ratio ranging from 5-20 ml. The solvent was removed through the column at a rate of 200-450 ml per minute.
Separation and quantification of biobutanol
The separation and quantification of biobutanol produced by Clostridium species were carried out by Gas Chromatography and Mass Spectrometry (GC & MS) as described by [17] . One microliter (1.0 µL) of the acidified sample was injected into "SHIMAZU GC-14, Gas Chromatograph" equipped with the flameionization detector. The column used for the separation of solvent was PEG (2.1 m x3.0 mm). The temperature programming of the column oven was 60ºC/min 120ºC, Nitrogen gas (30 mL/minutes) was used as carrier gas. The heats injected and indicator was at 150ºC and 200ºC respectively. The Peaks were documented on "SHIMADZU C-R-4_A, Chromatograph", and were identified by assessment of the retention times with that of known mixture. The studies were carried out in replicas and the means ± standard deviations of the butanol produced were recorded.
Statistical Analyses of Data
Statistical studies of data were carried out. The study was conducted in duplicates. Unless otherwise indicated, for each experiment undertaken, the mean level of variables and the standard deviations (SD) was calculated. Comparisons of variables were made with the One-Way Analysis of Variance (ANOVA). A value of p < 0.05 was considered statistically significant. Statistical analyses were conducted using the software programme, Statistical Package for Social Sciences (SPSS 21.0; IBM, USA).
RESULTS
Percentage Frequency of Clostridial Isolates from Different Locations in Keffi Metropolis, Nigeria
The frequency (percentage) of occurrence of clostridial isolates from different locations of Keffi Metropolis is as given in Cultural, morphology and biochemical test of the clostridium species isolated in Keffi soil is as given in Table 2 . Table 2 shows the screening for biobutanolproducing clostridial isolates from the soil environment of Keffi metropolis, Nigeria. All the Clostridium species isolated has the ability to produce biobutanol and the highest butanol produced was obtain from Clostridium acetobutylicum isolated from Kofar Hausa and Yelwa which produced 16.87±2.34 mg/l and 15.24±1.88 mg/l of biobutanol with sugar utilization of 15.56±2.59 g/l and 16.14±1.44g/l followed by Clostridium cylindrosporum isolated from Angwan Woje and Keffi Market which produced 12.22±1.61 mg/l of biobutanol, sugar utilization of 11.21±2.3 g/l and 11.66±1.11 mg/l of biobutanol and sugar utilization of 14.58±2.55 g/l, Clostridium perfringens isolated from G. R. A produced 10.12±0.69 mg/l of biobutanol and sugar utilization of 13.30±1.01 g/l, Clostridium celerecrescens isolated from main campus produced 9.50±0.12 mg/l of biobutanol with sugar utilization of 12.41±0.17 g/l, Clostridium difficile isolated from Angwan Lambu and Dadin Kowa produced 8.10±1.06 mg/l of biobutanol with sugar utilization of 10.05±1.11 g/l and 7.54±1.51 mg/l of biobutanol with sugar utilization of 9.41±2.11 g/l and the least Clostridium botulinum isolated from Angwan Jaba produced 5.41±0.15 mg/l of biobutanol with sugar utilization of 8.12±0.12g/l respectively. Biobutanol produced irrespective of species of Clostridium were statistically significant at P<0.05 and 95% confidence interval.
Screening for Biobutanol-Producing Clostridial Isolates Soil Environment in Keffi
DISCUSSION
Clostridium species such as Clostridium difficile (Cd 1 ), Clostridium botulinum (Cb 1 ), Clostridium cylindrosporum (Cc 1 ), Clostridium difficile (Cd 2 ), Clostridium perfringens (Cp 1 ), Clostridium difficile (Cd 3 ), Clostridium acetobutylicum (Ca 1 ), Clostridium acetobutylicum (Ca 2 ), Clostridium celerecrescens (Cce 1 ) and Clostridium cylindrosporum (Cc 2 ) were isolated from the soil environment in the study location. This however, is in agreement with other studies earlier reported by [18] that Clostridium species are common bacteria isolated from the soil environment.
Also, in this study, the occurrence of Clostridium difficile was higher than other species of Clostridium such as Clostridium botulinum, Clostridium cylindrosporum, Clostridium perfringens and Clostridium acetobutylicum. This appears new in the study area to the best of our knowledge. Although, [19] reported a high frequency of occurrence of Clostridium in the United Kingdom, the occurrence of Clostridium species from the soil.
Different Clostridium species isolated from the study area shows high capability of biobutanol production were Clostridium acetobutylicum produced the highest biobutanol after 72 hours of fermentation at temperature of 35 o C which was in agreement with studies reported by [20] , [21] that Clostridium acetobutylicum produced higher yield of biobutanol than other species of Clostridium. Ultimately, the yields of butanol such as 16.87±2.34 mg/l and 15.24±1.88 mg/l varied between the two species of C. acetobutylicum (CA 1 ) and C. acetobutylicum (CA 2 ) observed in this study. This may be due to the fact that the two species of Clostridium acetobutylicum are of different strains. Clostridium difficile 25 g/l 9.41±2.11 7.54±1.51 A 5 Clostridium perfringens 25 g/l 13.30±1.01 10.12±0.69 A 6 Clostridium difficile 25 g/l 7.80±1.20 5.72±032 A 7 Clostridium acetobutylicum 25 g/l 15.56±2.59 16.87±2.34 A 8 Clostridium celerecrescens 25 g/l 12.41±0.17 9.50±0.12 A 9
Clostridium acetobutylicum 25 g/l 16.10±1.44 15.24±1.88 A 10 Clostridium cylindrosporum 25 g/l 14.58±2.55 11.66±1.11 
CONCLUSION
The findings revealed that Clostridium species such as Clostridium difficile, Clostridium botulinum, Clostridium cylindrosporum, Clostridium perfringens, Clostridium celerecrescens and Clostridium acetobutylicum were the common species of Clostridium isolated from the soil environment of Keffi Metropolis, Nigeria and Clostridium acetobutylicum isolated from Kofar Hausa and Yelwa produced the highest biobutanol.
